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[57] ABSTRACT

Airflow measuring apparatus utilizes a temperature-
varying resistance layer on a carrier as a sensor. The
resistance and temperature of the temperature-varying
resistance layer are maintained substantially constant by
a regulator circuit, independent of the amount of cool-
ing by air flowing past the element. To minimize errors
resulting from heating and cooling of the carrier, the
surface of the carrier which does not have the tempera-
ture-varying resistance element is covered by a temper-
ature-independent resistance layer and the current
through the temperature independent resistance layer is
controlled such that the temperature independent resis-
tance layer is at substantially the same temperature as
the temperature-varying resistance layer. Thus thermal
gradients in the carrier are eliminated.

10 Claims, 3 Drawing Figures

\ /' /



U.S. Patent jul 29, 1980 Sheet 1 of 2 4,214,478

F1g. 2

LN N N N N N N N N N\ N NN N N N
10'

1]

13-

—

12

P

"' %
/ / / / v
; S
A " :#r"ﬂ i . y

//?,/%/ ]

’
4

__r'i .,r A .-"J o p S f..- I_, !r’f P ,/{
J_,.a" ..r""f}r"' __-"' ;r";f_r.r'" ,r/r"f f_//:_,"" / / j...-"f
//"F;f/f ’ .-"" -r”ﬂlf ;Igr*f ‘"Hrr' g A
/'_.r" F.-f';__.-‘#f‘l_.r"' f._.r""f.!,.-"} / -
\ N S
‘\.‘\ \ ’

lﬂ'
o

r
- ]

.

e N N N N N N N N N N N NS



U.S. Patent Jul 29, 1980 Sheet 2 of 2 4,214,478




4,214,478
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SYSTEM AND METHOD FOR ELIMINATING
ERRORS IN AIRFLOW MEASUREMENT
APPARATUS

The present invention relates to airflow measuring
apparatus and, in particular, to airflow measuring appa-
ratus measuring the quantity of air in the air intake of an
internal combustion engine.

BACKGROUND AND PRIOR ART

Apparatus is known in which the sensing element for
airflow measuring apparatus is a temperature-varying
resistance layer deposited on a carrier. A disadvantage
of this arrangement is that because of its mass, the car-
rier has a certain thermal capacity which cannot be
neglected. Thus the carrier transmits heat from the
surfaces not carrying the temperature-varying resis-
tance layer to the surroundings. This heat onginates
internally of the carrier. Therefore a temperature gradi-
ent 1§ created within the carrier. When the thermal
equilibrium of the carrier is disturbed by changes of the
quantity of air flowing past the carrier, the carrier must
be either heated or cooled. Until the carrier has adjusted
to the new conditions a predetermined time elapses, that
1s a delay is introduced into measurement.

THE INVENTION

It is an object of the present invention to eliminate the
above-mentioned difficulty. In accordance with the
present invention, the carrier is heated to a carrier tem-
perature which corresponds to the normal operating
temperature of the temperature-varying resistance sen-
sor layer. Most specifically, a second layer, electrically
1solated from the first layer, is on the carrier and serves
as heating resistor for the carrier. Since substantially all
surfaces of the carrier are maintained at substantially the
same temperature throughout the measurement, the
interior of the carrier will remain at a substantially con-
stant temperature. After an initial start-up time, the
sensor will therefor react very rapidly and precisely to
deviations from the carrier temperature.

Further in accordance with the present invention, the
temperature-varying resistance layer is positioned in the
airflow in such a manner that the dirt deposited thereon
IS minimized.

The sensor can be part of a measuring system de-
scribed 1n detail in U.S. Ser. No. 944,587, filed Sept. 21,
1978, Peter, assigned to the assignee of this application.

DRAWINGS ILLUSTRATING PREFERRED
EMBODIMENTS

FIG. 1 shows a first embodiment of a carrier having
a first layer constituting a sensing element for airflow
measuring apparatus and a second layer constituting a
heating element for the carrier;

F1G. 2 shows a second embodiment of the carrier and
sensing and heating element layer of FIG. 1; and

FI1G. 3 1s a schematic diagram of the current regula-
tor circuit for the sensing and heating layers of FIGS. 1
and 2.

In arrflow measuring apparatus in which the tempera-
ture-varying resistance is a film or a layer on a carrier,
the sensitivity in general depends on the thermal capac-
ity of the carrier. The effect of the thermal capacity of
the carrier is to be eliminated by keeping the tempera-
ture of the carrier at least substantially constant at the
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same operating temperature as the temperature-varying
resistance layer constituting the sensing element.

In FIG. 1 an oval carrier 10 i1s shown which is ar-
ranged in the intake pipe 11 of an internal combustion
engine. Substantially the whole surface of the carrier is
coated. The coating includes layers 12 and 13 which are
electrically insulated from each other. Both layers are
to be regulated to substantially the same temperature.
Layer 13 is utilized for heating of carrier 10, while layer
12 constitutes a temperature-varying resistance sensor.
The latter forms part of a bridge circuit and is con-
trolled to a substantially constant operating temperature
by a regulator circuit 16. The current flowing through
temperature-varying resistance layer 12 at any time is a
measure of the amount of air flowing past the layer.

Preferably layer 13, which constitutes the heating
resistor for the carrier, 18 positioned in such a way that
any dirt deposited by the air or other gas flowing past
the apparatus will be deposited thereon rather than on
the temperature-varying resistance sensor layer 12. The
fact that temperature-varying resistance sensor layer 12
is positioned in such a manner that substantially no
undesired deposits are formed thereon also increases the
reliability and accuracy of the apparatus. The calibrated
values are not affected by dirt and the full sensitivity of
the apparatus can be maintained even when dirt is de-
posited, since the dirt is deposited almost exclusively on
the layer 13 constituting the heating resistor.

In FIG. 2, the carrier 10 has a streamlined shape and,
again, 1S located in the intake pipe 11 of an internal
combustion engine. The part of the carrier which is
upstream in the direction of airflow carries the lauer 13
which constitutes the heating resistor. The downstream
portion carries the layer 12 which constitutes the tem-
perature-varying resistance sensor. Again, layers 12 and
13 are electrically insulated from each other. As in FIG.
1, those regions of the surface of the carrier which are
particularly subjected to dirt deposits from the air or
other gas flowing past carry the heating resistance layer
13 while those shielded from the dirt carry the tempera-
ture-varying resistance sensor layer 12. A dirt deposit is
designated by reference numeral 14.

In FIG. 3 a bndge circuit includes a temperature-
varying resistor 20 located remotely from the airflow to
provide for ambient air temperature change compensa-
tion, a resistor 12 which represents the temperature-
varying air-flow sensing resistance layer on the carrier,
resistor 13 symbolizing the heating resistor layer on
carrier 10, a variable resistor 23, and a variable resistor
24. An operational amplifier 15 has an inverting input
connected through a resistor 17 to the common point of
resistors 12 and 13 and a direct input-connected through
a resistor 18 to the common point of resistors 23 and 24.
The energization of operational amplifier 18 is supplied
by supply lines 19, 30 which are connected to a DC
voltage supply 21. The output of operational amplifier
135 1s connected through a series circuit including resis-
tor 25 and a resistor 26 to line 19. The common point of
resistor 25 and 26 is connected to the base of a transistor
27 which forms part of a Darlington circuit also includ-
ing a transistor 28. The emitter of transistor 28 is con-
nected through a resistor 29 to line 19,

The operation of the regulator circuit of FIG. 3 is
discussed 1n detail in the referenced application Ser. No.
944,587, Peter. However, it should be briefly noted that
the output voltage of operational amplifier 18 varies as
a function of the degree of unbalance of the bridge
ctrcuit. This output voltage 1s applied to the Darlington
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stage of transistor 27 and 28 which, together with resis-
tor 29, constitutes a constant current source. The cur-
rent furnished by the constant current source to the
bridge circuit varies as a function of the voltage applied
to it and therefor as a function of the unbalance of the
bridge circuit and in such a direction as to restore the
bridge circuit balance. The current through resistors 12
and 13 which is required to rebalanced the bridge cir-
cuit, that is to keep resistor 12 at its normal operating
resistance and temperature, therefore varies as a func-
tion of the quantity of air flowing past layer 12. This is
the desired measurement signal. It can be derived from
terminals 36 and 42. It will be noted that, since the same
current flows through resistors 12 and 13, if these resis-
tors have substantially the same resistance value, all the
surfaces of the carrier will be at substantially the same
temperature,

Various changes and modifications may be made
within the inventive concept.

I claim:

1. In airflow measuring apparatus having a support
carrier (10, 10°) located in said airflow, a temperature-
varying resistance sensor layer (12) on said carrier and
supported thereby whereby the resistance sensor layer
(12) will be in thermal transfer relation with respect to
both said airflow and said carrier, and regulator means
(16) for varying the current through said temperature-
varying resistance sensor layer in such a manner that the
temperature, and hence resistance of said temperature-
varying resistance sensor layer remains substantially
constant at a predetermined operating temperature,
independent of the amount of airflow therealong,

the improvement comprising a substantially tempera-

ture independent heating means (13) positioned 1n
heat-conductive relation with respect to said sup-
port carrier (10, 10") and electrically insulated from
the temperature-varying resistance sensor layer
(12) on said carrier to heat said carrier to a carrier
temperature corresponding to said operating tem-
perature, whereby errors in measurement resulting
from heating and cooling of said carrier are sub-
stantially decreased.

2. Apparatus as set forth in claim 1, wherein said
temperature-varying resistance sensor layer (12) consti-
tutes a first layer; and wherein said heating means (13)
comprises a second layer on said carrier and constitut-
ing a heating resistor (13) for said support carrier (10,
10°).

3. Apparatus as set forth in claim 2, wherein said
regulator means further comprises circuit means for
controlling current flow through said heating resistor
(13) for regulating the temperature of said support car-
rier (10, 10') to a carrier temperature corresponding to
said predetermined operating temperature of said tem-
perature-varying resistance layer (12).

4. Apparatus as set forth in claim 1, wherein said
regulator means comprises

a bridge circuit, and a bridge current supply circuit,

said bridge circuit comprises a first arm including, in

series connection, said temperature-varying resis-
tance layer (12), a measuring junction, and a heat-
ing resistor (13) forming said heating means,
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and a second arm including, in series connection, a
temperature reference resistor (20), a reference
junction, and reference resistor means (23, 24);

and said bridge current supply circuit comprises

comparator means (15, 17, 18) connected to said mea-
suring junction and said reference junction, respec-
tively, and providing a comparison signal,

and controlled current supply means (27, 28) con-
nected across both said bridge arms and providing
a controlled current in accordance with said com-
parison signal.

5. Apparatus as set forth in claim 1, wherein said
support- carrier (10, 10°) is positioned in said airflow in
such a manner that deposit of dirt on said temperature-
varying resistance layer (12) is minimized.

6. Apparatus as set forth in claim 5, wherein the sup-
port carrter (10, 10°) is an elongated, essentially stream-
lined body;

and said second layer forming the heating resistor
(13) comprises a layer of resistance matenial located
at least at one end portion of the body, the first
layer forming the temperature-varying resistance
layer (12) being located along the sides of the body,
downstream, in the direction of airflow, from said
heating resistor (13) to be protected against accu-
mulation of contaminating deposits (14) thereon by
said second layer forming the heating resistor.

7. Apparatus as set forth in claim 6, wherein said
support carrier body (10) is, in longitudinal cross sec-
tion, of elongated, oval shape, and said second layer
forming the heating resistor (13) is applied in two layer
section at each end portion of the support carrier body
to protect the temperature-varying resistance layer (12)
upon flow of air in either direction.

8. Apparatus as set forth in claim 6, wherein said
regulator means (16) is connected to commonly control
current flow through said heating resistor (13) and
through said temperature-varying resistance layer (12)
under sensing control of the resistance of the tempera-
ture-varying resistance layer.

9. In airflow measuring apparatus having a sensing
element comprising a support carrier (10, 10°), a temper-
ature-varying resistance sensor layer (12) positioned on
said carrier, and hence in thermal transfer relation
thereto, and regulator means (16) for maintaining said
temperature-varying resistance layer at a substantially
constant operating temperature independent of cooling
by air flowing thereby,

a method for minimizing measurement errors result-
ing from the thermal capacity of said carrier, com-
prising the step of

heating said carrier by a substantially temperature
independent heating means to a carrier temperature
corresponding to said predetermined operating
temperature of said temperature-varying resistance
layer separately with respect to heat derived from
the temperature-varying resistance sensor layer
(12).

10. The method of claim 9, wherein the step of heat-

60 ing the carrier (10, 10) comprises

65

passing current through an electrical resistance layer
(13) positioned on the carrier and in heat-conduc-
tive relationship thereto at a rate controlled by the
airflow past said carrier, as sensed by said tempera-

ture-varying resistance sensor layer (12).
* 5 % % M
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